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I. SUMMARY/INTRODUCTION

A._Summary

An HPLC method for the quantitation of DPX-E9636 in com forage and grain has been
developed which uses two HPLCs with UV detection at 254 nm. One chromatograph performs
sample clean-up and the second allows sample analysis. Sample clean-up is achieved through
reverse-phase chromatography enlisting eluent-switching betwezn the two HPLCs. Colurmn-
switching, achieved by transfer of efflueat from one HPLC to the next, provides the resolution
required for quanntation of DPC-E9636. Alternately, these steps can be carried out by more
elaborate instrumentadon allowing fully autornated conwol. Both approaches have been
successfully applied to several sulfonylurea herbicides in many matrices Both are described
herein for quantitation of DPX-E9636 in com forage and grain. Quannutation 1s achieved at levels

. as Jow as 0.05 ppm with recoveries of 85 to 95 percent. based.on a 10-gram sample.

Intr i

Two HPLCs are enlisted for the determination of DPX-E9636 residues in comn forage
and gramn. The first of the two HPLCs is 1dennfied as the "Clean-Up Chromatograph” and
removes most sample coextractives. The second HPLC, the "Analytcal Chromatograph,”
separates the remaiming sample components, allowing quanatation of DPX-E9636. Altem.auvc.ly,
a single instrument may be used for both funcunons by cleaning a batch of samples and ther’.i" o
changing the column and eluent for their analysis. Only slight modification to an exisung HPEC 15
required to perform this method. This two-system approach will be referred to as the "Spnr: ol
Method"” of analysis (as contrasted with the "Automated Method" descnbed in Appendix 23. _';'hg
Split Method 1s suggested for enforcement purposes, where only a few samples require ana:l;!;;_s

This method has been designi1 for increased simphaity and productivity by ehmunatung

manually intensive operations such as liquid/hiquid extraction, evaporation and solid phase

-6-



DU PONT REPORT NO. AMR-1241-88

extraction clean-up. Concentration of analyte and clean-up of sample matrix arc performed by the
chromatographs. This approach is successful due to the acid-base character of DPX-E9636.
Retention of DPX-E9636 in these reverse-phase HPLC systems is dependent on the degree of the

raolecule’s protonation, which in turn 1s affected by the HPLC eluent's pH. Retention versus

eluent pH is illustrared in Figure 8 of Appendix 1. The stucture of the compound is shown below

SO;CHCH3
O N
SOzNHCNH—<O
N
DPX-E9636

N—((4,6-Dimcthoxypymmd1n-2y1)aminocarbony1)—3-(cthylsulfony1)-2-pyridmesrxlfonarnidc
(A common name is not yet available)

In the clean-up step, two mL of Sample Extract 1s mjected onto a Zorbax® Phenyl
column in an aqueous eluent of 44% methanol buffered at pH 3.5. DPX-E9636, which 1s
predominately uncharged in the pH 3 Sampie Extraction Solution (25% methanol), concentrates at
the head of the column dunng sample injection. As chromatography conunues, DPX-E9636 is
separated from a large number of polar compounds which could interfere 1n the subsequent

analytcal chromatographic step.

The column effluent which would contain the DPX-E9636 is collected from the Cléa.n-

Up Chromatograph. This fraction 1s further acidified with concentrated phosphonc acid and : .

diluted to a known volume with water (to cause the protonated DPX-E9636 to concentrate at the

head of the column in the Analytical Chromatograph). Two mL. of this solution 1s 1njecu:d.1hid the

Analytical Chromatograph wath an eluent at higher pH (6.50) and lower methanol concentration
(22%) and a Zorbax® Ry™ column Since the DPX-E9636 is 1omized at this pH it has a reduced
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affinity for the column. As a result, it is separated from the sample components collected from the
Clean-Up HPLC, which are now comparatively less polar. DPX-E96356 is detected in both
systems by a UV detector at 254 nm. This allows DPX-E9636 quantitanon to 0.05 ppm on the
Analytical Chromatograph.

II. MATERIALS/METHODS
A._Equipment

Equivalent equipment may be substituted in all cases. For minimum HPLC

instrumentation requirernents see Section I, Modificatons or Potential Problems.

Centmrifuge - Du Pont Sorvall® model RC-5C refrigerated cenmfuge (Du Pont Instruments,
‘Wilmington, DE)

Centrifuge Rotors - Du Pont models HS4 and 8534 (Du Pont Instruments)

Homogenizer - Tekmar SDT Tissumizer® model SDT-1810 with model SDT-182EN shaft and
generator (Tekmar Co., Cincinnan, OH)

Centrifuge Bottles - 250 mL, polypropylene, IEC® Maxiforce® #2050, VWR #21018-037 (VWR
Scientific, Bndgeport, NJ)

Centrifuge Tubes - Sepcor® 29 mm x 103 mm, polypropylene, VWR #21007-303 (VWR
Scientific)

Food Processor - Hobart chopper model 84145 or 84186 (Hobart Corp., Troy, CH)
Mill - Sunbeam Oskar Food Processor (Sunbeam Appliance Company, Chicago, IL) s e

pH Meter - Beckman model PHI® 11 (Beckman Instrurnents, Inc., Fullerton, CA)

Narrow-Range pH Paper - EM® ColorpHast® Indicator Strips, Narrow range 2.5 - 4.5, VWR .
#EM-9581-3 (VWK Scientific) Yeuten

Filter - Millipore® 47 mm Type GS, 0.22 1 pore size filter #GSWP 047 00, and glass filteg hpldgr
and flask #XX15 047 00 Millipore Inc., Milford, MA) soee
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Liquid Ct '
Clean-Up Chromatograph:

Fump: Kratos Spectroflow model 400 with high efficiency filter (ABI Analyucal,
Foster City, CA)

Detector: Kratos Spectrofiow model 783G with 12-uL flowcell (ABI Analytcal)

Recorder: Hewlett Packard model HP7132A strip chart recorder (Hewlett Packard
Co., Mt. View, CA)

HPLC column: Du Pont Zorbax® Phenyl 4.0 mm x 80 mm, 5 micron Reliance®
cartridge, 3-pack, #820662-942 and column end-fittings #820669-001
(MAC-MOD Analytical Inc., Chadds Ford, PA)

Column oven: Waters model WAT038039 (Millipore Inc.)

Eluent Selection Valve: Rheodyne model 5011P low pressure six- posiion rotary valve

(Rheodyne Inc., Cotat1, CA)

Injection and Backflush Valves: Rheodyne model 7000P high pressure six-port, two-

posidon valve (Rheodyne Inc )

Solenoid Air Valves: Rheodyne model 7163 set for four-way operanon (Rheodyne Inc )
Stream Switching Valve: Rainin;3-wayvalve #38-082-Reinin-lnstument-CoIne

Wobum, MA)

Analytical Chromatograph-

Pump: Hitachi model 655A-11 pump and L-5000 Gradient Corroller (EM® Science,

Cherry Hill, NI)

Detector: Kratos Spectuoflow model 783G with 12-uL. flowcell (ABI Analytcal)

Recorder: Hewlert Packard model HP7132A smp chart recorder (Hewlett Packard Co )

HPLC column: Du Pont Zorbax® Ry™ 4.6 mm x 250 mm, 5 micron analvuca?. vence

column, #880967-901 (MAC-MOD Analytcal)

Column oven: Hitachi model 655A-52 (EM® Science) *:

Injection Valve: Rheodyne mode! 7000P high pressure six-port, two-posidon vzzlvc' .

{Rheodyne Inc.)

Water - Deiomized water passed through a Mill:-Q® Water Punficaton System (Millipore Corp )

Methanol - EM® Omnsolv® #MX0488-1 (EM® Science)

-9.
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Acetonitrile - Fisher, HPLC-grade #NA 1648 (Fisher Scienufic, Fair Lawn, NJ)
K2HPOQ; - "Baker Analyzed™® Reagent #3252-01 (J.T. Baker Chemical Co., Phillipsburg, NT)
KH,PO4 - EM® low absorbance grade #PX 1566-2 (EM® Sciznce)

H3POy4 - "Baker Analyzed"® Reagent #0260-02 (J.T. Baker Chemical Co.)

DPX-E9636 - DPX-E9636 Reference Standard (Agricultural Products Department, E. L. du Pont
de Nemours and Company, Inc., P. O. Box 80402, Wilmungton, DE 19880-0402)

C. P i f Soluti
1M KHyPOa4:

Dissolve 136 g of KH,PO4 in approximately 800 mL of water and dilute to 1 L.
Filter through a Millipore® Type GS 0.22-micron filter.

1M K7HPOq4:

Dissolve 174 g of KzHPOa4 in approximately 800 mL oc water and dilute to 1 L.
Filter as above.

Sample Extraction Solution, 25% methanol/75% pH 7 buffer:

Mix 150 mL of 1M K2HPO4 with 1350 mL of water; adjust the pH of this soluton (as
measured by a calibrated pH meter) to 7.0 by addinon of concentrated phosphoric
acid (2-2.5 mL). Add 500 mL of methanol and mix. Final pH measures about 7.5.

Eluents:

Elvent A; 44% methanol, pH 3.5:

Add 10 mL of 1M KH>PQ4 to a 1000-mL graduate cylinder and dilute to 560 mL
with water. Add 440 mL of methanol and mux. Adjust the pH of this solution to
3.50 (as measured by z calibrated pH meter) by addition of concentrated
phosphoric acid. Sparge briefiy (about 5 minutes) with helium to degas; furthefeeuce
sparging is unnecessary and may change the methano} concentraton due to *
evaporation.

LE R )
-

Eluent B; 22% methanol, pH 6.5:

- L]
L
o o8

Add 10 mL of 1M K7HPO; to a 1000-mL graduate cylinder and dilute to 780 mL. with
water. Add 220 mL of methanol and mx. Adjust the pH of this solunion (as mgagared

by a calibrated pH meter) to 6.5C with concentrated phosphoric acid. Sparge briéfly”
with helium. rese

Eluent C, 90% methanoi/10% warter

Add 100 mL of water to 900 mL of methanol and mux. Sparge briefly with helium

-10-
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Stock Standard Soiution:

Accurately weigh 0.0200 g of DPX-E9636 and dissolve in 100 mL of acetonimile to
make a 200 ug/mL stock standard. Make an intermediate dilution from the stock
standard to 5.0 pg/mL in acetonimle; this will be used for fortification of samples and
preparation of chromatographic standards. These standard solutions should be stable

up to 6 months if stered at 4° C or over a year when stored at -200 C.

Chromatographic Siandard Solutons:

D

nal

Prepare chromatographic standards at 0.05C, 0.025, 0.010 and 0.005 pg/mL by
dilution of the 5.0 pg/mL Stock Standard Solution with Sample Extraction Soluton.
The concenaation of acetonutrile 1r: these final dilutions is kept at or below 2% 1o keep
the total amo=mnt of organic modifier 1n the sample solution sufficiendy low. Keep ail
chromatographic standards at 4¢ C when not in use. These siaidards should be table
for a week if they are not acidified Before mnjection onto the chromatograph the
stendard solution's pH must be adjusted to between 2.5 and 3.5 (as determined by
narrow-range pH paper) with concentrated phosphonic acid  Once acidified, the
stability of the standard 1s greatly reduced and has a useful lifetime (<10% degradaton)
of about § hours if keptat 0°C  See Table 3 (page 26) for DPX-E9636 stability 1n
acidic solurion at vanous temperature.

ical Procedure

1 Preparation of Sample

Frozen forage and fodder samples should be cut into 2-4 inch pieces using a floral

cuttz or knife and then chopped 1n 2 Hobart chopper with dry ice. Grain should be removed from

the ears and ground frozen in a mill. The dry ic2 1s allowed to evaporate, and samples are storzd at

-20° C untd sampled for analysis.

8}

bottle. For a 0 100 ppm forufication add 0 200 mL of the 5 0 ug/mL DPX-E9636 stancard in *

6

ion of Sarnpl

Thaw prepared untreat=d corn samples and place 10 grams mn a 250-mi centrifuge |, »

acetonitnle to the above sample. Forufy over the range of expected levels of DPX-E9636 1n {fi¢

ficld samples and at the quanttation limat (0 05 ppm) of this analyncal method, generally 0.050

ppm 1o 0.500 ppm. Evaporate the acetonitrile under a stream of mitrogen for about 15 minutes.

-11-
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While making fortfications, 11 1S conyenient to prepare the chromatographuc standards from the

sarme stock standard solunon while making the foruficanons by adding the same volume of stock

standard to a 100-mL volumétric flask for dilution to volume with Sample Exmaction Solution (see

Preparauon of Solutons secton).

3 E .

a)

b)

)

d)

Thaw and accurately weigh 10 grams (+/- 0 1) prepared sample into a 250-mL cenmfuge
bottle. Add 100 (+/- 2) mL of Sample Extraction Solunon and mix. Let sozk for about 15

munutes. Grind wath a Tissurmizer® for 1 munure at about 60% of maxmmurn output (at nigher

output mixture foams excessively). Watt 5 minutes and repeat the Tissumizing-rest

procedure two more omes.

Centnfuge the scmple-buffer mixture in the Sorvall® RC-5C cenmfuge (HS-4 rotor) for 10

munntes at 7000 pm (hmke on, rangEﬂhann?nnan,_ T using an aliemate qppe_d,

centnfuge untl most parnculates have separated from the Exracuon Soluzon

Remove 20-40 mL of supernatant with a glass syTinge and large bore neeci¢ and nlace :na
40-mL Sepcor® tube. In preparanion for lowening the pH, cool the sample below 49 Chy
placing the tubes 1n a freezer for at least an hour; this will greatly unprove DPX-E9636

stability once the sample 15 acidified. The analvsis may be imterrupted ag1ovs pount "t INE

cample 15 stable for at least two days at this pH (7.5) and temperzrure (-200 C), :

Acidify samples by addinon of concentrated phosphone acid unul a pH of 2.5 10 3515 «se

reached (as determuined by pH paper; generally 150-250 1L acid). Immediuiely retumn., .%o
samples to the freezer for an adcinonal 10 to 15 munutes, ths allows any precipitate 1@ fg;m‘

before cenmfugation and further cools the sample, munimizing DPX-ES636 decorrpostaon,
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¢) Cenmfuge in the Sorvall® RC-5C centrifuge ($S-34 rotor) for 10 minutes at 20,000 rpm (-
50 C, brake on). If a refrigerated centrifuge is not avzilable, cool the sample longer before

acidification and minimize the time the sample is at ToOM temmperature.

f)  Decant the supematant for injection onto the HPLC, being careful to avoid paruculates. This
supernatant will be referred to as Sample Extract. Keep the Sample Extract at a temperature

between 0° C and -20° C.

4_Chr h

Sample Extract is ready for injection onto the Clean-Up Chromarograph. DPX-ES636
standards 1n Sample Extraction Solution require acidification with concentrat=d phosphoric acid (0
pH of 2.5 to 3.5) before chromatography. Samples and standards should be kept cold (0€to -20° C)
unul chromatographed.

General chromatographic operating conditions and instrumentation are described in the

following section.
E. Instrumentation
1 Description

The Clean-Up Chromatograph is a modular, high pressure, reverse-phase

chromatograph which allows the injection of 2-mL samples. The chromatograph has provisions

for reversing the eluent flow through the column and selecting an alternate eluent for cleaning B

column. The system also allows collection of column effluent during the prescnbed ime  *, =,

"window" when the DPX-E9636 would elute. The Clean-Up Chromatograph 1s configured as.

shown in Figure 4 (page 33), the chromatographic conditions are summarized in Table 4 (page=>2)

asew

The sequence of events - sample loop 1n line, eluent collection, ard backflushing - can easily be

performed by manual activaton of the valves Alternanvely, thesz valves are congolled by a

-13-
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Kratos Spectroflow detector program (se¢ Detector Programmung, page 35 and Table 5, page 36).

Control through the detector demands less operator ime and anennon.

Sample Extract clean-up is carried out on a Zorbax® Phenyl column with an aqueous
cluent of 44% methanol buffered atpH 3.5. A DPX-E9636 standard solution is first
chromatographed to determine the analyte's retention time; from this time suitable umes may be set
to collect the DPX-E9636 as it elutes from the phenyl column. Two minutes prior to the analyte’s
retention nme, a stream-swatching valve following the detector is actuated so eluent may be
collected. Collecnon continues for 5 minutes, resulung in 6.5 mL eluent in a 10-mL volumetnc
flask. (The timing of collection is not cniucal and may be done manually, an error of +/- 10
seconds will not significantly affect the results of the analysis). The volumeric flask for eluent
collection is kep: on 1ce at all tmes to reduce DPX-E9636 decompositon in the acidic
chromatographic cluent. After collection one drop (about 30 pL) of concentrated phosphornic aad
is added to further reduce the pH, and the contents of the flask brought to volume (10 mL) with
waler to ensure that the DPX-E9636 will concentrate at the head of the analytical column dunng
subsequent injection. This results in 2 five-fold dilution of the DPX-E9636 in the onginal sample
since only 2 mL of Sample Extract was injected onto the Clean-Up Chromatograph. Addition of
water and acid is necessarv to ensure that DPX-E9636 will concentrate on the columnn of the

Analytical Chromatograph.

After eluent collection, the Zorbax® Phenyl column is backflushed with 90%

-
LR R X 2 X J
L]

methanol/10% water (eluent C) for 10 minutes by switching the back-flush valve (Figure 4,

aee

page 33) and selecting the appropnate eluent. 2 fter 10 munutes, the system s returned toits |

ongnal state and the column allowec to reequiltbrate with eluent A (44% methanol, pH 3.5) for

about 10 minutes. :.:::'

The Analyucal Chromatograph consists of a pumip with a valve to select between two

cluents, an mjecuon valve with a 2-ml sample loop, 2 column oven and UV detector.

- 14 -
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Chromawgraphic condinons are listed in Table 4 (page 32). The eluent obtained from the Clean-

Up Chromatograph is injected on a Zorbax® R;™ column with eluent B, one of lower methanol

concentration (22%) and higher pH (6.5) than used in the Clean-Up HPLC. After the DPX-E%636

has eluted, the column is forward-flushed with 90% methanol/10% water (eluent C) for 4 to 3

munutes following each sample run to remove any highly retained sample components. This flush

is not necessary after chromatography of a standard solution. The system is allowed 10

reequilibrate with eluent B, requiring less than 10 minutes.

> Overating Condst

a)

b)

See Table 4 (page 32) for a list of chromatographic operating conditions for both the Clean-
Up and Analytical Chromatographs. All Sample Extracts and acidified standard solutions are
at a temperature of 0° C to 49 C when loaded into the sample loops 1n order 10 rnimize
DPX-E9636 degradaton.- Samples-and standards should be the same temperature to avold

error in calculadon of DPX-E9636 concentrations

Determination of eluent collection ames (to be done daily).

Equilibrate the Clean-Up Chromatograph with eluent A If a new Zorbax® Phenyl column is
to be used, first condition 1t by injecting Sample Extract, runzing about 30 munutes with
eluent A, backflushing the colurnn with 90% methanol/10% water {eluent C), and
reeqibibrating with eluent A. Determine the retention ume for DPX-E9636 standard

(approximately 20 to 22 munutes) Eluent collection should begin 2 minutes pnor 1o the

DPX-E9636 retention nme and should end 3 minutes after, to collect 6.5 mL of eluent. Ifis
important that the peak width at baseline for 2 0.01 pg/mL standard be no greater tharm35 2
rmnutes (o ensure quantutatve collection of the analyte. If greater, 2 new column should Ee

LA AN}

subsntuted. sene
L]

»
Peew
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1 Caljbration Proced

a) Prepare chromatographic standards by diluting the 5.0 pg/mL stock standard with Sampie
Extraction Soluton as specified in the Reagents and Standards secuon. Make Sord
standards at and above the quantitation limit and which cover the expected range of DPX-
E9636 in the analyses; 0.050, 0.010 and 0.005 pg/mL standards are typically run on the
Analytical Chromatograph. A five-fold dilution of the 0.005 pg/mL DPX-E9636 standard
solution with Fxtraction Solution should also be prepared for chromatography oa the
Analyncal HFLC to ensure adequate detector response at the quanttation limt for a comn

sample (C.03 ppm).

b) A 0.010 pg/mL DPX-E9636 standard 1s typically run on the Clean-Up HPLC at the start of
the day to determune the eluent collection time and judge column performance (see Openating
Conditions above). The eluent collection window is set to begin 2 mnutes-prior to and end 3
minutes after the DPX-E9636 retention time. A second standard may be run at the end of
the day 1f column degradauon is suspected (as evidenced by low recoveries for fordfied

control samples).

c) Otherwise, chromatographic standards are run on the Analytical Chromatograph only (they
do not pass through the Clean-Up HPLC).

d) Chromatograph each acidified standard solution and measure the DPX-E$636 peak height or
area, recording pertinent detector and recorder attenuations DPX-E9636 has a rezention time
of approxamately 20 minutes on the Analyacal HPLC. A plot of the peak height or area
versus standard concentration should be Linear and pass through the ongin (see Figure 1,

page 28)

-16-
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a) Clean Sample Extracts by injecting 2 mb in the Clean-Up Chromatograph (a minimum
volume of 5 mL is required to flush and fill the sample loc;p). Collect eluent in a chilled
10-mL volumetric flask at the appropriate time (determined daily, see Calibration section,
step B). Acidify this with one drop (approximately 30 uL) of concentrated phosphoric acid
and dilute to volume with water. Keep this sample at or below 4° C at all times to reduce

DPX-E9636 degradation.

b) Inject 2 mL of the cleaned Sample Extract from above onto the analytical column and
chromatograph (a minimum volume of 5 ml is required to flush and fill the sample loop).
Identify the presence or absence of DPX-E9636 by the retention hme determined in the
calibration runs. Measure the DPX-E9636 peak, 1if present, in the same manner used for
calibration.

¢) Calculate the concentranon of DPX-ES$636 in each sample using the equaunon described under

Method of Calculanon (page 20).
F. Interferences

Several residue methods (References 7, 8) have been developed using the same
techmique, and we have found them to be very specific and relatively free of significant
interference  We expect this method will be free of mnterference from most pesticides and
impunties in reagents, sample matrices and on glassware. IN-70941 and IN-70942, the most

commonly found soul and plant metabolites have been shown not to interfere with the DPX-E9636

peak.
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If a significant interference is apparent, the pH of eluent B may be adjusted slightly wo
selectively move the DPX-E9636 peak relanve to the interference. A pH drop of 0.25 units will

increase the DPX-E9636 retention time by approximately 2 minuzes.
G. _Confirmatory Technigues

The presence of DPX-E9636 may be confirmed by substituting a Zorbax® Phenyl 250
mm x 4.6 mm column for the Zorbax® Rx™ column 1n the Analytical Chromatograph.

The acid/base character of DPX-E9636 may also be used for confirmation. Changing
the pH of Eluent B from 6.5 toa lower value such as 5.5 will selectively change the retention trme
of DPX-E9636. At lower pHs the methanol concentration may need to be increased 10 maintain a

reasonable retentdon tme.

Sample processing is relanvely rapid, typically four to eight sample extracts can be
prepared in about two hours. With this split approach, sample clean-up requires about 40 minutes,
analysis about 30 minutes. When two chromatographs are used the two functions can be stagg=red
so that the required time 1s effectively 40 minutes per sample. If only one chromatograph is used
for both tasks, throughput is roughly halved. It1ssu ggested a batch of samples be processed
through the Clean-Up HPLC on one day, stored overnight at -20° C and chromatographed on the
reconfigured Analytcal HPLC the following day.

L Modificati Potential Prohl

Greater ease of operation can be obtained by automaunng the valve sequences with the

programmung devices available on somne HPLC components We used the programmung capatniity
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of the Kratos detector (see Detector Programming Secuon, page 35). Alternatively, valve actuation

may be done manually with acceptable precision.

Appropriate substitutions may be made for the components of the chromatograph. The
Clean-Up Chromatograph requires a pump capable of selecting between two cluents, a column
oven, and UV detector. Comparable equipment can be configured for this role by the addidon of
two high-pressure switching valves for sample injection and column back-flushing. Similarly,
most any HPLC capable of selecting between two eluents and injecting a 2-mL sample volume can
be used as the Analytical HPLC. If equipment is limited, it is possible to use one insgument and
reconfigure the Clean-Up HPLC for operation as the Analyncal Chromatograph. Following clean-
up, the samples may be stored at -200° C overnight to allow time for the conversion. The column
and eluent must be changed for the chromatograph to become the Analytical HPLC. The mimmum
changes required would be replacement of eluent A with eluent B and a change 1n columns from 2
Zorbax® PhenyTto 4 analytical Z6rbax® R™ column  Cléaned samples may be analyZed thie

second day.

If resolution is insufficient on the Zorbax® Rx™ column, cluent B may be adjusted by
changing pH and/or methanol concentration. The change in pH should selectively move the DPX-
ES636 peak relative to an interference; the methanol concentraton may then need to be adjusted to

obtain desired retention tumes.

Sample Extracts are typically not filtered prior to injection onto the Clean-Up
Chromatograph. It is unnecessary as particulates will be removed from the head of the column
during the backflush step. If samples are filtered, slight loss of analyte may be seen (as a loss in
recovery) due to binding of the DPX-E9636 to the filter. Filtering 1s optional as 1t also allows

additional opporturuty for contaminanon of the sample.
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1.__Method of Calculation
1. Calibration F CH

The calibration factor (CF) 1s the ratio of detector response (height or area) to the DPX-
E9636 concentration. Measure the peak height or peak area for each standard (normalize for a
given attenuation if required); divide this value by the standard's concentration {in units of pg/mL).
A standard should be run after every 3 to 4 samples. Use the average CF from the standard runs

preceding and following a group of samples to determine DPX-E9636 concentration in those

samples.

CF = (peak height or area) / (DPX-E9636 concentration [ng/mL} in standard)*

2, Analyte in the Sample
ppm DPX-E9636 1n sample = [I\r/I x D x (100+B)] / [SW x CF]

M = Height or area of the DPX-E9636 peak. Height or area is 1n the same units
and normalized to the same scale as that used for CF calculation above

D = Diluton factor.
D = 5 for samples processed through the Clean-Up HPLC.

B = Volume of water contributed by the sample {(mL).
B = % water by weight x SW x 1 mL/g water

SW = Sample weight in grams (10 g)
CF = Calculation Factor described above

* Peak heights are measured with the detector and recorder at set attenuations. If these parameters

are changed, heights must be normalized to one set of condinons before CF values and analyte
concentrations are calculated,
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I1I. RESULTS/DISCUSSION

A, Accuracy

Recoveries from duplicate control samples at four fortification levels ranging from
0.500 ppm to 0.050 ppm and tested over two days were conducted to assess the accuracy of the
analytical method. DPX-E9636 recoveries from eight fortified control forage samples avera ged
94%. Recoveries averaged 89% for eight control com grain samples (Reference 1; see Table 1,
page 26). Extraction efficiency of DPX-E9636 from field treated samples was estimated by the
analysis of corn plants treated with radiolabeled DPX-E9636. The extraction efficiency is
esnmated to be between 89% and 93% (Reference 3; see Table 2, page 2.

The accuracy of this method 15 enhanced by ehminanon of many manual sample
preparation steps such as quuic!fliqui"q extractions, Svaporan;qps and solid phase extraction. All can

result 1n Jowered recoveries and are potential sources of contamination from glassware.

A mayor source of error in this method is decomposition of DPX-E9636 in the acichiied
Sample Extraction Solution. Decompositnon can be minimized by keeping acidified samples and
standards below 4° C and by and by minimizing the time between sample clean-up and analysis.

(See Table 3, page 29, for stability vs. temperature dara.)

Recovery may also be compromised 1f the eluent collecnon window 1s to0 NATOW
relanve to the baseline width of the DPX-E9636 peak. The collection time cannot be lengthened
sigmficantly because of the need to allow for diluuon of the collected fraction before injecuon on
the Analyticel Chromatograph. The phenyl colurn on the Clean-Up Chromatograph should be

evaluated daily or after every 8-12 samples to ensure adequate peak shape and size for complete

analyte collection.
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Slight error can be artributed to variable water content of samples. Calculations contain
a provision for sample water content, but this is only estimated for the sample type (forage or
grain). The effect of this estimaton is slight however; placing the water content of a com forage

sample at 60% when it is actually 50% would generate an analysis which 1s only 1% 100 high.
B. Precisi

The standard deviations {sample standard deviation, on-1) of recoveries were 5% and
1% for eight analysis of each sample matrix (se¢ Table 1, page 26). DPX-E9636 concentrations
ranged from 0.500 ppm to 0.050 ppm. The range of recovery for the above samples was 86% to
99% for the forage samples and 87% to 91% for the grain samples. Decomposition of the analyte
is most likely the main conmbutor to the variability of the results, although variability is wathin
acceptable limits. Since many manual operatons have been eliminated, the rest of the method 1s

inherently very precise.

C. Limits of Detection and Quantitation

The limit of quantitation is determined by the signal to noise rano of the detector and the
magnitude of coeluting peaks. When using a sensitive detector such as the Kratos 783G the limut
of quantitation is 0.050 ppm or lower. The DPX-E9636 peak height for a sample contairung 0 050
ppm is greater than 0.1 mAU (rmulltAbsorbance Units). The noise of a good detector should be
0.01 mAU or less. This gives a signal to noise rato of greater than 10 which should be adequate
for quantitation. Chromatograms of 0.050 ppm DPX-E9636 forufied samples can be seen in
Appendix 1

D.__Ruggedness Testing

The method uses reverse-phase liquid chromatography with UV detecnon; both are well
understood and known to be stable and reliable. The eluent collecnon time window is large (5

munutes) relanve to the DPX-E9636 peak (2.5-3.5 mtnutes). This allows for dead volume in the
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tubing of the chromatograph, as well as variabihity in DPX-E9636 retennion time and non-1deal

analyte peak shape on the phenyl column (band broadening or peak tathng).

E. Limitations - Instability of DPX-E9636 in Acid Solution

DPX-E9636 is unstable in acidic solutions at room temperature. Figure 2 (page 39)
shows the rate of decomposinon for DPX-E9636 n Sample Extraction Solution which has been
adjusted to lower pHs by the addition of phosphoric acid. The solugions are relanvely stable at pH
8.0 and 6.5. AtpH 2.5 and 3.5, well below the pK, of DPX-E9636, the solutions decompose
quickly and at similar rates The decomposiuon 1s very temperature dependent We have
determined the rate of decomposition of DPX-E9636 at 0° C, 15° C, and 35° C. From this data
we have predicted the rate of decomposinon at other temperatures. See Table 3 and Figure 3
(pages 29 and 31) for more informanon on the relanonship beraeen DPX-E9636 decomposition

rate and temperature.
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IV. CONCLUSION

This ana'yucal method 1s suitable for the determination of DPX-E3636 in corn forage
and grain at levels Jown to 0.05 ppm. The equipment and technique used 1n this method are

generally applicable to many 1f not most commercial sulfonylurea herbicides.

This method has been designed to be run on commercial HPLC equipment with minor
modificatons. It is most useful for enforcement purposes or other applications where there 1s 2
limuted number of samples to analyze. Whena large number of samples require analysis, a more
automated approach, cetailed in Appendix 2, is suggested. The Automated Method requires
significantly more set-up time and more elaborate instrumentation, but provides a far lngher
"~ throughput and less operator attendon. “The two approaches, the Split Method vs. the Automated

Method, are compared in Appendix 3
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V. CERTIFICATION

ANALYTICAL METEOD FOR THE QUANTITATION OF DPX-E9636
IN.CORN (FORAGE AND GRATN)

We, the undersigned, declare that the work descnbed in this report was performed
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record of the procedures and results.
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R D. Collins Datee °
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Notebook Reference: NB# E52647
Storage Locanon of E.1 du Pont de Nemours & Company, Inc.
Records, and Final Agriculnural Products Department
Report: Expenmental Stanon and/or
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P. O. Box 80402
Wilmngton, Delaware 19880-0402
Sponsor: E.1 du Pont de Nemours & Company, Inc.

Agncultural Products Department
Research and Development Division
Expenmental Stanon

P. O. Box 80402

Wilmington, Delaware 19330-0402

-25.



DU PONT REPORT NO. AMR-1241-88

V1. TABLES/FIGURES
TABLE 1

Pecovery Data for Validation of
3 vSi Y- 3

DPX-E€6836  DPX-E9636 Average
Sample Matrix ~ Fornfication Recovered Percent Percent Std. Dev.
Level (ppm) (ppm) Recovery Recovery __ (%)
forage 0.500 0.483 97 % 94 % 5<%
0.500 0.478 96 %
0.250 0247 99 %
0.230 0244 98 %
0.100 0.C93 93 %
0.100 0093 93 %
0030 0044 88 %
0.050 0043 86 %
gran 0.500 0 444 89 % 89 % 1%
0500 0452 90 %
0250 0218 87 %
0.250 0219 88 %
0.100 0.088 88 %
0 100 0091 91 %
0050 0045 89 %
0.050 0043 87 %

Reference 1
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TABLE 2
Extraction Effici D
Quantity* Quantity
Sample Extracted Bound Percent Percent
dpm dpm Extracted Bound
Day O - Pyndine label 3.80e0 3.39¢3 91.8 % 82 %
corn forage
Day 0 - Pyridine label 5326 476€5 91.7 % 8.2 %
Day 8 - Pyridine label 2.62e6 2025 - 929 % 7.2 -
Day 8 - Pyridine label 2.44¢8 2.92e5 £9.4 % 10.7 %

* Exmaction solution 1s 25% methanol, 75% 0.1 M Potassium Phosphate pH 7.0, that was used in
this analyncal method.

Reference 3.
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FIGURE 1

Calibration Curve from Validation of Split Method
of Analysis for DPX-E9636
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TABLE 3
.ys PX. .

Temperature Decomposiuon Time for 10% DPX-E9636
O &) (% lossihr) Decomposition

30 25 0.3 hours

20 11 0.9 hours

10 4 2.6 hours

0 1.2 8 hours
-10 0.4 1 day
-20 0.10 1 week

The data 1n the above table was calculated based on kinetic data obtained at 35, 15, and (°C.

Reference 5
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FIGURE 2

Log DPX-E9616 Peak Ares

t

o ' 2 . s

Time (hours)

Note: All solutions are 25 % methanol, 0.1 M Potassium Phosphate except for pH 1.25, this1s
dilute phosphoric acid, 0 % methanol. All solutions stored at room temperafure.

Reference 6
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FIGURE 3

- 3 i n

Per:cent of Original DPX-E9636 Peak Area

Time (hours)

DPX-E9636 Standard Solutions are in acidified Sample Extraction Solution (acidified to pH 2-3
with concentrated H3POg).

Reference 5
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TABLE 4
S r Cl hic_Conditi
Clean-Up Chromatograph
Column; Du Pont Zorbax® Phenyl, 4.0 mm x 80 mm
5 micron Reliance® Cartridge
Column Temperature: 350C
Eluent Flow Rate: 1.3 mL/min
Eluents: A - 449 methanol, pH 3.5
C-  90% methanol/10% water
Sample Volume: 2.0mL
Detector Settings. Wavelength - 254 nm
Sensivity - 0 010 AUFS
Recorder Settings: Chart Speed - 2.5 mm/min.
: Attenuation - 10 mV
Analytical Chromatograph
Column; Du Pont Zorbax® R,™, 4.6 mm x 25 mmn
5 micron analyncal
Column Temperature: 350C
Fluent Flow Rate: 1.3 mL/min.
Eluents: B- 22% methanol, pH 6.50
C-  90% methanol/10% water
Sample Volume: 20mL
Detector Setungs* Wavelength - 254 nm
Sensivity - 0 010 or 0.005 AUFS
Recorder Settings: Chart Speed - 2.5 mm/mun.

Attenuation - 10 mV

-32-



DU PONT REPORT NO. AMR-1241-88

FIGURE 4
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FIGURE 5
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Key to Detector Programming

The valves used in the Clean-Up Chromatograph are controlled by the Kratos
Spectroflow detector program which follows, The program controls four internal relays which
each switch a 12-volt power supply to activate solenoid air valves which, in turn, activate the
chromatographic valves. Relay 1 controls the Sample Injection Valve, relay 2, the Column
Backflush Valve, relay 3, the Eluent Selection Valve, and relay 4 controls the Steam Switching
Valve. (Refer to Figure 4, page 33 for instrument configuration.) "Pneumatic valve-switching
stations" may be inserted to allow optional manual override of the detector. The schematic for

these stations 1s attached as Figure 5.

Timne: The time (in munutes) after the run begins at which each event occurs.

Relay (1-4): Each relay may be in one of two positions, 1 = on and O = off. Relays 1
through 4 actuate the following:

Relay 1 - Sample Injection Valve; 1 =valve counterclockwise for sample
injection.

Relay 2 - Column Backflush Valve; 1 = valve counterclockwise for
column backflush

Relay 3 - Eluent Selection Valve. We used a 6-position valve to select
between two eluents. Eluent A is supplied at position 2 and eluent C
at posiion 3. Program steps 8 through 17 are required to reset the
valve to position 2 after the column is cleaned. (This valve is rotated
clockwise one step at a umne by a rarchet mechanism. Therefore to
advance the valve one position the actuator must be reset before the
next actuation). Any low pressure valve able to select between two
eluent may be substituted.

Relay 4 - Sweam Switching Valve; 1 = eluent stream swatched to allow for
collection 1nto flask.

Status: Abbrevianons for status of instrument at each step.

L = Sample Injection Valve in load positon.

I =Sample Injection Valve in 1nject posiuon.
F = Backflush Valve in backflush position.

C = Stream Swarching Valve in collect position.
1-6 = Eluent Selection Valve position.
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TABLE §
Detector Program #5 for the Clean-Up Chromatograph

STEP TIME RELAY STATUS EVENT
- - 1234
0 0.00 0000 L.2. Start - Eluent position = 2
Sample loop in load position
1 1.00 1000 I.2. Sample loop in inject position
2 8.00 0000 L.2 Reset valve to load position
3 * 0001 ..2C Begin eluent collecuon
4 > 0000 .2 End eluent collection
5 25.00 0010 .. 3. Eluent posiion = 3
6 25.04 0000 3 Reset valve 1
7 25.10 01060 .F 3. Reverse flow for backflush
8 36.00 0010 .... —...4 . .- .Endbackflush
Eluent posttion = 4
s 36.04 0000 4 Reset valve 1
10 | 36.06 0010 5 Eluent posiuon = 3
11 36.10 00600 .. 5. Reset valve 1
12 36.14 0010 6 Eluent positton = 6
13 36.18 00060 6 Reset valve 1
14 36.20 0010 R | Eluent position = 1
15 36.24 0000 .. 1. Reset vaive 1
16 36.28 0010 2. Eluent position = 2
17 36.38 6000 L2 Reset valve 1

* Step 3: DPX-E9636 retennon time munus 2 munutes
Step 4: DPX-E9636 retention nme plus 3 munutes
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VIII. APPENDIX 1

Representatve Chromatograms

Figure 6 - Chromatograms of Com Forage
Figure 7 - Chromatograms of Corn Grain

———— —_— [

Other
Figure 8 - K' of DPX-E9636 vs. Eluent pH
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FIGURE 6

DPX-E9636
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FIGURE 7
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FIGURE 8
K' of DPX-F9636 vs, Eluent o
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IX. APPENDIX 2

AUTOMATED METHOD OF ANALYSIS
FOR THE QUANTITATION OF DPX-E9636
IN CORN FORAGE AND GRAIN




DU PONT REPORT NO. AMR-1241-88

TABLE OF CONTENTS

Page

I.  SUMMARY/INTRODUCTION .o csstas st n e ans e e 45

A. SUMMATY  cirireeiceiiiniictntttssrnnnatansetiienasasannteisasasassesssesssnrasssissasssnns 45

B. INtrOQUCTION  ceeevmvereuirrroccciorssnsmsestsirnesssuassssrsnsmammenssanssnsasarsssarsassses 45

II. MATERIALS/METHODS ..ottt itininmiesescasasmasnasrassssssonssessssansanses 47

A. EQUIPMIENT oottt ctre s et sns e e r s s s san s ne s an 47

B. Reagents and St1andards .....eceeemes comrreriieiee st 48

C. Preparation of SOIUUONS ceeieeieiieiiii e ctssnas e sn s e 48
D. Analydcal Procedure

1. Preparation of Sample ..ocoeoen i traeanes 50

2. Fortufication .. ceiiiiiciccier creiisteiiiiea it tranaee saeesiasrazasases 50

3. EXITACHON  aiuiiiireieiieraes vore svvsrtcosisasetosmenssnsnssness sovnrstasansosnnns 50

. 4, ChromatograPhy .cccciiiiiiiiiiiiiiiiiisarrrestns ceacmesies sesaesrs sosssenans 51

E. Instrumentation

1. DESCIIPUON ot cvie v cevn ciiine or svmaesereses sesmamsersiosssssnsassnssranasens 52

2. Operating ConditlONS .. ccoiiiis ciiiiiiieiiiiriceaerrserrrnsannnes « soeaens 54

3. Calibration Procedure .... s rerveres e aemivmmens sessesmssessecemcsasene O3

4. Determination of DPX- EO636 - oom e et eeeeeeeereeeneeeenoe oeemnenne 56

F. INICIfEICNCES  coiciiiiiiis + vreve cemsese ceccmmaceres sesssmssssssvasssnners sossanaes 56

~G—Confrrmatory—TechmIqQues — i oimm i ftie s o et e e s 56

H. Time Required for AnalysiS ...cco . cicciiin v ieenriiecnins sinsees s semsanes 57

1. Modificatons or Potential Problems ..ciiiiiiinneneniianes 57

J. Methods of Calculation ,
1. CalIBration FaclOT .ocecei civcer v covevesssesss crmsmssmssessmsessnrassssansanane 58

2. Concentration of Anzlyte in the Sample ... .o v iiviies e vrreeeee, 59

III. RESULTS/DISCUSSION . it ciiit vt tereicicmsicnnsnimnnsiins tiearees cavenes 59
A, ACCULACY  cecerrcacece o coveamesssissosss ts semssssiases sosssssssosssasens crrraeens 59

B. Precision  ciiiicie o it rcriiire crccrecaceceisiresataiats teseas b ae seaen 60

C. Limuts of Detection and Quantifatlon ..ococvvieeecniecccoannee vee e = o ceenee €0

D. Ruggedness TeSUNE .cciei cer ciriiis cocssveeiions sesssssessimesessenss seerves 61

E. Limiatons - Instabihty of DPX-E9636 1n Acid SOLUTON .« oo eerene 61
CONCLUSION ittt creeeerae ceemtrers eocenacnsreneanracsacermasasannssbssssssas 62

V. TABLES/FIGURES ... ciiiiiiitemiieicimacnacomnccacacncenretassatnassnrmsaannsisinsasnns 63

A. Method Validaden
1. Table 6 - Recovery Dara for Method Validation ... wccoceeeens v 64
2. Figure 9 - Cahbranon Curve for Validaton

-43 -



DU PONT REPORT NO. AMR-1241-88

TABLE OF CONTENTS

(Continued)
Page
B. Instrument Configuration and Operation
1. Table 7 - Summary of Chromatographic Conditions .....c.e.ieeiveeneces 66
2. Figure 10 - Schematic of Clean-Up Chromatograph ....cccmiercernannns 67
3. Figure 11 - Schematic of Pneumatic Valve-Switching Stations ....ceeeeceeeees 68
4. Detector Programming .cicceceesciescsscreres essssesconsiisinsmmnnunsicsisassees 69
a. Table 8 - Detector Program #4 i iiiiiiniiiemeeisisnseannsanes 70
b. Table 9 - Detector Program #2 ... coiceimminiinnmmssnnns crsasesnn 71
c. Table 10 - Detector Program #6 ... coocomecrimiossmmnress cossmeamens 72
d. Table 11 - Gradient Programs #2, 4, 6 .cccoeriviniiiominninisinneenees 73

C. Representanve Chromatograms
1. Figure 12 - Chromatograms of Com Forage....cccmens covinennncneee 74
2. Figure 13 - Chromatograms of Comn Gram ... cveme ooe eoecseee 75



DU PONT REPORT NO. AMR-1241-88

I. SUMMARY/INTRODUCTION

A. Summary

This method uses a high performance liquid chromatograph (HPLC) with eluent and
column switching and UV detection at 254 nm for the determnation of DPX-E9636 residues 1n
corn forage and grain. Itis fully automated to allow unattended analysis. Sample clean-up is
achieved through reverse-phase chromatography enlisting eluent-switching. Column-switching
provides the resolution required for quantitation of DPX-E9636. This approach has been
successfully applied to several sulfonylurea herbicides 1n many matrices. The method descnibed
herein provides a means to quantitate DPX-E9636 in com forage and grain at levels as low as 0.05

ppm based on a 10-gram sample.
B. Introduction

Through eluent and colzmn switching, one chromatograph is able to accomplish both
sample clean-up and analysis for the quanutation of DPX-E9636 in com. Sample clean-up and
concentration are achieved by reverse-phase chromatography on a Zorbax® phenyl column with
eluents of varied pH and methanol concentranion; analysis follows on an analytical Zorbax® R, ™
column. This approach will be refexred to as the Automated Method of analysis. Instrument

programmung allows for unattended, overnight operation, and high sample throughput.

This method has been designed for increased simplicity and producuvity by elimunating
manually intensive operations such as l:quid/liquid extraction, evaporation and solid phase
extraction ¢lean-up Concentranon of analyte and clean-up of sample mamx are performed by the
chromatographs. This approach 1s successful due to the acid-base character of DPX-ES636.

Retention of DPX-E9636 in this reverse-phase HPLC system 1s dependent on the degree of the
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molecule’s protonation, which in turn is affected by the HPLC eluent's pH. Retention versus

cluent pH is illustrated in Figure 8. The structure of the compound is shown below:

SQ.CHCH3

<::> OCH;

0 N

n
N 502NHCNH—<O

N

OCH3,
DPX-E9636

N-((4,6-Dimethoxypynmudin-2-yl)aminocarbonyl)-3-(ethylsulfonyl)- 2-pyndinesulfonamide
(A common name is not yet available)

“Two mL, of Sample Exgact 1s pumped onto a Zorbax® Phenyl column and
chromatographed in an aqueous eluen: of M%-methanol buffered at pH 3.5. DPX-E9636, which
1s predominately uncharged in the pH 3 Sample Extraction Solution (25% methanol), concentrates
at the head of the column dunng sample injection. As chromatography continpes, DPX-E9636 1s
separated from a large number of polar compounds which could interfere in the subsequent
analytical step. At a fixed ume before the analyte would normally elute, the eluent is switched 1o
one of lower methanol concentranon (11%) and higher pH (7 5); uus eliminates most potennal
interferences which would have eluted with the analyte in the first eluent, as they become highly
retained by the column. The DPX-E9636 continues to ¢lute close to its original rate despite the
lowered methanol concentraton because it ts anionic at this pH and very weakly retained by the
phenyl column. Shortly before the analyte would elute on the phenyl column, the eluent containing
the DPX-E9636 peak is switched to a Zorbax® Ry™column for resolution from the remaining
sample componernts. Chromatography 1s carned out 1n an aqueous eluent of 22% methanol at pH

6.5. The DPX-E9636 15 detected with a UV detector at 254 nm.
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1. MATERIALS/METHODS

A. Equipmept

Centrifuge - Du Pont Sorvall® model RC-5C refngerated cenmfuge (Du Pont Instruments,
Wilmington, DE)

Centrifuge Rotors - Du Pont models 1S4 and 5534 (Du Pont Instrurnents)

Homogenizer - Tekmar SDT Tissumizer® model SDT-1810 with model SDT-182EN shaft and
generator (Tekmar Co., Cincinnad, OH)

Centrifuge Bottles - 250-mL, polypropylene, IEC® Maxiforce® #2050, VWR #21018-037
(VWR Scientific, Bridgeport, NJ)

Centrifuge Tubes - Sepcor® 29 x 103 mm, polypropylene, VWR # 21007-303 (VWR Scienafic)
Food Processor - Hobart chopper model 84145 or 84186 (Hobart Corp., Troy, OH)
Mill - Sunbeam Oskar Food Processor (Sunbeam Appliance Company, Chicago, IL)

pH Meter - Beckman model PHI® 11 (Beckman Instruments, Inc., Fullerton, CA)

Narrow Range pH Paper - EM® ColorpHast® Indicator Smps, Narrow range, 2.5 - 4.5, VWR
#EM-9581-3 (VWR Scientific)

Falter - Millipore® 47 mm Type GS, 0.22 u pore size filter #GSWP 047 00, and glass filter
holder and flask #XX 15 047 00 (Millipore Inc., Milford, MA)

Liquid Chromatograph -

Pumps: Pump 1 - Waters model 510 with high pressure dampenung filter (Millhipore
Inc.)

Pump 2 - Kratos Spectroflow model 400 with high efficiency filter (ABI
Analytical, Foster City, CA)

Detector: Kratos Specmoflow model 783G with 12-uL. flowcell and gradient control
option (ABI Analytcal)

Data collector Hewlett Packard 7994A HPLC Chemstation and HP 1090L. HPLC wath
A-D convertor (Hewleu Packard Co., Mt. View CA)

HPLC columns: Colurmn 1 - Du Pont Zorbax® Phenyl, 4.0 mm x 80 mm 5 mucron
Reliance® carmdge 3-pack, #820662-942 and column end-fitings,
#820669-001 (MAC-MOD Analyucal Inc., Chadds Ford, PA)
Column 2 - Du Pont Zorbax® R,® 4.6 mm x 250 mrmn, 5 mucron
analyucal column, #880967-901 (MAC-MOD Analytcal)
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Column oven: Waters model WAT038039 (Millipore Inc.)

Valves: Valve 1 - Rheodyne model 501 1P low pressure six-position rotary valve
(Rheodyne Inc., Cotati, CA}

Valve 2 - Valco model ECSD12P-HC high pressure 12-position rotary valve
- with electie actuator (Valco Instuments Co. Inc., Houston, )

Valves 3-4 - Rheodyne model 7000P high pressure six-port rwo-position
valve (Rheodyne Inc.)

Solenoid Air Valw:f::1 c%hcodync model 7163 set for four-way operation (Rheodyne

B. Reagents and Standards

Water - Deionized water passed through a Mili-Q® Water Punficanon System (Millipore Corp.)

Methanol - EM® Omnisolv® (EM® Science, Cherry Hill, NT) #MX0488-1

Acetonitrile - Fisher, HPLC-grade (Fisher Scientific, Fair Lawn, NJ) #NA1648

K,HPO,4 - "Baker Analyzed"® Reagent (J.T. Baker Chemical Co , Phillipsburg, NJ) #3252-01
—KF;P05 = EM® lowabsorbaiice grade (EM® Science) #PX 1566-2

H3PO4 - "Baker Analyzed"® Reagent (J.T. Baker Chemical Co.) #0260-02

DPX-E9636 - DPX-E9636 Reference Standard (Ag‘lcultural Products Department, E. I. du Pont
de Nemours and Company, Inc., P O. Box 80402, Wilmington, DE 19880-0402)

1M KH2PO4:

Dissolve 136 g of KH2PO4 in 800 mL of water and dilute to 1 L. Filter through a
Milhipore® Type GS 0.22 micron filter.

1M K,HPOu:

Dissolve 174 g of KoHPOj in 800 mL of water and dilute to 1 L. Filter as above.
Sample Exwaction Solution, 25% methanol/75% pH 7 buffer:

Mix 150 mL of 1M K2HPQ4 with 1350 mL of water; adjust the pH of this solunon

(calibrated pH meter) to 7.0 by addition of concentrated phosphonc acid (2-2.5 mL).
Add 500 mL of methanol and mux. Final pH measures about 7.5.
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44% methanol, pH 3.5:

Add 10 mL of 1M KHzPQj4 to a 1000-mL graduated cylinder and dilute to 560 mL
with water. Add 440 mL of methano! and mix. Adjust the pH of this solution to 3.50
(calibrated pH meter) by addinon of concentrated phosphoric acid. Sparge briefly
(about 5 minutes) with helium to degas; further sparging may change methanol
concentration due to evaporation.

Note: There is no Eluent 2 because position 2 of the eluent selector valve (valve 1 of Figure 10) is
used to select the sample.

Eluent 3;

Eluent 4;

Eluent 5;

Eluent 3 is the same as eluent 1
Eluents 1 and 3 are the same but supplied at positions 1 and 3 of valve 1.

11% methanol, pH 7.5

Add 10 mL of 1M K>HPO4 to 1000-mL graduate cylinder and dilute to 890 mL with
water. Add 110 mL of methanol and mix. Adjust the pH of this solunon (calibrated
pH meter) to 7.50 with concentrated phosphonc acid Sparge briefly with helium.

22% methanol, pH 6.5

Add 10 mL of 1M K7HPO; to a 1000-mL graduate cylinder and dilute to 780 ml with
water. Add 220 mL of methanol and mix. Adjust the pH of this solution (calibrated ---
pH meter) to 6 50 with concenmrated phosphonc acid. Sparge briefly with helium.

Eluents 6 and 7; 90% methanol/10% water

Srandards:

Add 100 mL of water to 900 mL of methanol and mix. Sparge bnefly with helium

Stock Standard Solution

Accurately weigh 0.0200 g of DPX-E9636 and dissolve in 100 mL of acetonimie 10
make a 200 pg/mL stock standard. Make an intermediate dilution from the stock
standard to 5.0 pg/mL in acetonitnile; this will be used for fortificanon of samples and
preparanon of chromatographic standards. These standard solunions should be stable
up to 6 months if stored at (4° C) or over a year when stored at (-20° C)

Chromatographic Standard Solutions

Prepare chromatographic standards at 0.050, 0.025, 0.010 and 0 005 pg/mL in Sample
Extracnon Solution from the 5.0 ug/mL stock standard solution. The concentranon of
acetonitrile in these final dilunons 1s kept at or below 2%. Keep all chromatographic
standards a 49 C when not 1n use These standards should be stable for a week 1f they
are not acidified. Before injection onto the chromatograph the standard solution’s pH
must be adjusted to berween 2 5 and 3 5 (as determined with narrow range pH paper)
with concentrated phosphonc acid. Once acidified, the stability of the standard 1s
greatly reduced and has a useful hfetime (<10% degradation) of about 8 hours if keprat
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0° C. See Table 3 (page 29) for DPX-E9636 stability in acidic soluaon at various
temperatures.

D.__Analvtical Procedure
1. Preparation of Sample

Frozen forage and fodder samples should be cut into 2-4 inch pieces using a floral
cutter or kmfe and then chopped in a Hobart chopper with dry ice. Grain should be removed from
the ears and ground frozen in a mull. The dry ice is allowed to evaporate, and samples are stored at

-20° C until sampled for analysis.
2. Fortification

Thaw prepared, untreated com sample and place 10 grams of unwreated com sample na

250-mL cenmfuge boule. For a 0.100 ppm fortificanon add 0.200 mL of the 5.0 ng/mL DPX-

-E9636 standard solution 1n acetonitnle to the above sample. Forufy over-the sange-of expected
levels of DPX-E9636 in the samples and at the quanatanon limit (0.050 ppm) of this analytcal
method, generally 0.050 to 0.500 ppm. Evaporate the acetonitrile under a stream of nitrogen for
about 15 munutes. While making fortifications, it is convenient to prepare the corresponding
chrorr]atographic standards from the same stock standard solution by adding the same volume of
stock standard to a 100-mL volumetric flask for dilution to volume with Sample Extraction

Solution (see Preparanon of Soluttons section).

@) Thaw and accurately weigh 10 (+/-0 1) grams chopped comn sample into a 250-mL
cenmfuge bottle. Add 100 (+/- 2) mL of Sample Extraction Solution and mx. Let
soak for about 15 minutes. Grind with a Tissurnizer® for 1 minute at about 60% of
maximum output (at higher output the sample-buffer muxture foams excessively) Wait

5 minutes and repeat the Tissumizing-rest procedure two more times.
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b) Centrifuge the sample-buffer mixture in the Sorvall® RC-5C centrifuge (HS-4 rotor)
for 10 minutes at 7000 rpm (brake on, refrigeranon optional). If using an alternate

speed, centrifuge until most particulates have separated from the Exrraction Soluton.

©) Remove 20-40 mL of the supernatant with a glass syringe and large bore needle and
place in a 40-mL Sepcor® wbe. In preparation for lowering the pH, cool the sample to
at least 4° C by placing the tubes in a freezer for at least an hour; this will greatly
improve DPX-E9636 stability once the sample is acidified. The analysis may be_

m fi St tw vs is
temperature (-:200.C),
d) Acidify samples by addition of concentrated phosphonc acid unclapH of 25103 5is

reached (as determuned by pH paper; generally 150-250 uL of acid). Immediately
- return.samples to the freezer for an addiuonai 10 w0 15 minutes;-this.allows.any-
precipitate 1o form beforc cenmfugauon and further cools the sample, mimmizing DPX-

E9636 decomposinion.

e) Cenmfuge in the Sorvall® RC-5C cenmnfuge (SS-34 rotor) for 10 minutes at 20,000
pm (2-5° C, brake on). If a refrigerated cenmfuge 1s not availabie, cool the sample

longer before acidification and mimumize the ome the sample 1s at room temperature.

) Decant the supematant for injection onto the HPLC, being careful to avoid paruculates
This supernatant will be referred to as Sample Extract. Keep the Sample Extractata

temperature between 0° Cand -20° C
4, Chromatography

Sample Exmact 1s ready for injecnon onto the chromatograph. DPX-E9636 standards

1n Sample Extraction Soluton require acidificanon with concentrated phosgphonc acid (to pH of 2.5
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to 3.5) before chromatography. Samples and standards should be kept cold (0° to =200 C) until
chromatographed.

Cimmatographic operaung conditions and instumentation are descnbed in the

following section.
E. Instrumentation
1. Descripti

The configuration of the chromatographic equipment is shown i Figure 10 (page 67).
Valve 1 allows for eluent selection, valve 2 for sample selection and valves 3 and 4 for mroduction

of columns 1 and 2 respectively into the HPLC system. The chromatographic condinons are

shown on Table 7 (page 66).

The valves shown in Figure 7 are controlled by Kratos Spectroflow detector programs.
The detector programs are listed 1n Tables 8 to 10 (pages 70 - 72). In addition to the valves, the

detector controls the flow of eluent 7 through pump 2 using grachent flow programs listed 1n Table
11.

The steps shown below descnibe the events which occur during chromatography. They
are consistent with step numbers 1n Detector Program #4 (Table 8, page 70). Although specific to

our particular instrument, these events and their iming can be adapted for simular equpment.

STEP EVENT

1 Initdal condition etuent 1.

Eluents are selected by valve 1, but alternately may be swatched by a pump

equipped with a proportioning valve. This would eliminate the need for
valve 1 for eluent selecton
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LOADING THE SAMPLE

Valve 1 is stepped to position 2 to select the sample; valve 3 is rotated
counter clockwise o bypass column 1. This allows for flushing of the
pump and tubing with the sample.

The pneumatic actua‘or to valve 1 is reset. (This valve is rotated clockwise
one step at a time by a rarchet mechanism. Therefore to advance the valve
one position the actuator must be reset before the next actuation.)

Valve 3 is rotated clockwise to position 2. This directs the flow of sample
onto column 1. The tme between steps 4 and 5 and the flow rate control
the volumne of sarnple "injected” onto the column.

Valve 1 is stepped to eluent 3 (the same as eluent I bt 1dentified as 3 w0 be
consistent with the valve port used); valve 3 is rotated counter clockwise to
bypass column 1, flushing sample from the pump and solvent lines.

Alternatively, the sample may be introduced to the column via an
autosampler, eliminaung the need for sample inwoduction by valve 1 and
sample selection by valve 2 and, consequently, the steps above.

Valve 3 is rotated clockwise. This returns column 1 to the system and
chromatography with eluent 3 is imdated

This step occurs at tme 1-E4, defined as-the-time of eluent4 introducnon. It
is determined expenmentally at the start of each day (see Calibratior
section). Valve 1 is stepped to eluent 4, which contains less methanol but is
ata higher pH, at a fixed time before DPX-E9636 would have eluted in
eluent 3. DPX-E9636 elutes from the column close to its original rate while
potennal interferences are retained.

Reset pneumatic actuator to valve 1.

This step marks the start of the column-switching window and is defined as
time T-B; it is determined expenmentally at the start of each day {see
Calibration secnon) Valve 4 is rotated counterclockwise, putting column 2
in sertes with column 1 for DPX-E9636 transfer. This allows a second
stage of chromatography to separate DPX-E9636 from interferences
coeluting from column 1. Column 2 chromatography 1s performed on the
anionic form of DPX-E9636. A Zorbax® R,™ zolumn was chosea for
column 2 because 1t has a larger K' for the anionic form of DPX-E9636

than column 1 (phenyl column) This results in refocussing of the analyte
on column 2.

T-E is the end of the column-switching window. It occurs § munutes after
T-B, having allowed 7 8 mL of column 1 effluent to ransfer to column 2.
Valve 3 1s rotated counter clockwise, ending transfer of DPX-E9636 from
column 1 to 2. Rotanon of the valve also puts column 1 in senes with
pump 2 for backflushing with eluent 7. At some time near T-E the
detector’s gradient program 1s used to start flow throagh pump 2. (It1s
important that pump 2 not be Tunming dunng steps 2 through 5 s:nce 1t wall
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L o
remove the sample.) Eluent 5 is selected by valve 1; it1s slightly swonger
than eluent 4 to adjust for the analyte's larger K' on the Zorbax® Ry™

column and provide the desired retention.

The detector may be autozeroed a few runutes before the DPX-E9636 is

expected to elute to ensure the chromatogram will be on-scale of the

recording device.
CLEAN-UP AND REEQUILIBRATION

Reset the air actuator to valve 1. Select the next sample by stepping valve 2
to the next posinon.

Eluent 6 is selected to clean column 2.

Reset ar actuator to valve 1.

Eluent 1 1s selected to place a weak eluent in column 2.

Reset air actuator to valve 1

Valve 3 1s rotated clockwise to end back-flushing and place column 1 back
1n the main system. Valve 41s rotated clockwise to switch column 2 out of
the system. Shortly after, pump 2 flow 1s stopped by the same gradient

program referred to 1n step 10. Column 1 is allowed to equilibrate with
eluent 1 for 7 minutes before the nexrrums imtated. "~~~ 7 ° 7

Operating Conditions:,

a)

b)

See Table 7 (page 66) for a hst of chromatographic operating condinons. Samples and
standards are injected onto the HPL.C ar theur storage temperature of below 4° Ctc
munmize DPX-E9636 degradation Samples and standards should be the same

temperature upon njection to avord error 1n calculanon of DPX-E9636 concentratons

Determunaton of t-E4 (to be done daily) Equilibrate column 1 wath eluent 1. if a new
Zorbax® Phenyl columnn 15 to be used, first condition 1t by 1njectng Sample Exmact,
runnming at least 20 munutes with eluent 1, and then backflushing the column with 90%
methanol/10%% water (eluent 7) prior to equilibranon with etuent 1 (for about 10
rmunutes) Inject a 0 05 ng/mL standard solutron and deterrmune the DPX-E9636

retenton time (about 20 munutes after chromatography begins, se= program step 3),
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+-E4, the time at which cluent 4 15 introduced, is this retention ime runus 9 minutes.
This time, specific to our parncular instrument, allows about & minutes between the
eluent 4 solvent front and the analyte peak on the chromatogram. The actual ome must
be determined expenmentally for each nstrumnernit (see discussion in Section 1,

Modificauons or Potental! Problems).

Determninatnon of column switching tmes (1o be done daily): Set the t-E4 ime and
repeat chromatography of the standard on column 1 only with eluents 1 and 4.
Determine the new retention nme for DPX-E9636 (approximately the same as before).
Subtract 2 § minutes from this tume, this 15 the begmning of the column-swatching
window, T-B. The column-switching window ends at T-E, 6 minutes after the
window's start, or 3 5 minutes after the DPX-E9636 retennon time. It 1s imponant that
the peak width at baseline for a0 05 pg/mL. standard be no greater than 4 munutes 10
cnsumquannmmmnsfmf.mr_annl}mmzhr.smond column.

a)

)

<)

Prepare chromatographic standards by diluting the 5.0 ug/mL stock standard with
Sample Extraction Solution as specified 1n the Reagents and Standards secnon. Make 3
or 4 siandards at and above the quanutation limut which cover the expected range of

DPX-E9636 in the analysts, 0 050, 0 010 and 0 005 pg/mL. standards are typically run.

Acidify each of the above standards to a pH of 2 510 3 5 pnor to 1njection by adding
concentrated phosphonic acid dropwise and checking the pH with narrow range pkl

paper. (A munimum of 8 mL of standard soluuion 15 required for line-flushing and

"injection” of 2 mL onto the column )

Chromatograph each acidified standard solunon DPX-E9636 has a retennon tme of

approximately 40 minutes after chromatography begins Measure the DPX-E9636
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peak height or area. The columns need not be cleaned after the injection of a standard.
A plot of the peak area or height vs. concentraton should be linear and pass through the
origin (see Figure 9, page 65).

4. Detcrminarion of DPX-E9636 in Sampl

a) Chromatograph the Sample Extract. (A minimum of 8 mL sample is required for line-

flushing and “miection” of 2 mL onto the column.)

b) Idennfy the presence or absence of DPX-E9636 based on its retennon time determuned
in the calibranon runs. Measure the DPX-E9636 peak, if present, in the same manner
as used for calibranon.

<) Calculate the concentration of DPX-E9636 in each sample using the equanon descnbed

under Methods of Calculation.

_F, Interferences

Several residue methods (References 7, 10) have been developed using the same
technique, and we have found them to be very specific and relatively free of significant interference.
We expect this method will be free of interference from almost all other pestcides and impurines
found in reagents, sample mamces and on glassware. IN-70941 and IN-70942, the most commonly

found soil and plant metabolites have been shown not 1o interfere with the DPX-E9363 peak

If a significant interference 1s apparent, the pH of eluent 5 may be adjusted shghtly to
selectively move the DPX-E9636 peak relanve to the interference. A pH drop of 0.25 unuts will

increase the DPX-E9636 retention tme by approximately 2 minutes.
G. Confirmatory Techniques

The presence of DPX-E9636 may be confirmed by subsntuting a Zorbax® Phenyl 4 6

x 250 mm column for the Zorbax® Ry™ column 1n the chromatograph.
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The acid/base character of DPX-E9636 may also be used for confirmation. Changing
the pH of eluent 5 from 6.50 to a higher value such as 7.2 will selectvely change the retention time
of DPX-E9636. (Do not exceed a pH of 7.5 to avoid column degradanon.) If the pH is raised, the
methanol concentration may need to be decreased to obtain the desired retention. Similarly, a
decrease in eluent pH may require an increase in methanol concentration to maintain a reasonable

retention ome.
H_Ti R ired for Analvsi

Sample processing is relanvely rapid; typically four 1o eight sample extracts can be
prepared in about twe hours. Time for chromatography is 60-70 minutes per sarmple or standard,
but may range from 40 to 80 with alternate equipment. This does not include the time for
determunanon of t-E4 (switch from eluent 3 to eluent 4) and column-switching times; this requires

an additional hour at the beginning of each day
Todificati r ntial Proble

When using alternate equipment, the actual amval time of a new eluent to the column
will depend on the dead volume between the eluent-select valve and the column  Thus differences
1n pump head and tubing volumes for different chromatographs will change the dme for eluent
armval to the column. The t-E4 time may have to be adjusted for the particular chromatograph. It
should be selected such that the DPX-E9636 peak is sufficiently resolved from the solvent front on
the chromatogram, and coeluang sample components will not prove to interfere with the DPX-
E9636 peak on the second column. Additional nme may also be required for cleaning and

reequibbration of column 2 to allow for longer eluent armval tmes.

If an autosampler 15 mnserted into the HPLC system between the pump and column 1n
lieu of sample introducnon through the pump, pre-column volume may be further increased,

affecnng eluent switching tmes sull more. Sample extracts are typically not filtered pnor
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injection onto the chromatograph. Itis generally unnecessary as particulates will be removed from
the head of the phenyl column during the backflush step. However, use of an autosampler might
require sample filtration so as not to damage this component. If samples are filtered, slight loss of
analyte may be seen (as a loss in recovery) due to binding of DPX-E9636 to the filter. 1f this is
suspected, acidified standard solutions might be similarly filtered, or filters might be

preconditioned with excess Sample Extract.

The column-switching time window, as defined by T-B and T-E, 1s set to last 6
minutes and is skewed relative to the DPX-E9636 peak (retention tme minus 2.5 minutes to
retention time plus 3.5 mnutes). Shorter or longer column-swirching windows may be possible
depending on the instrument and column used. The window length must be adequate to
encompass the analyte peak and also should allow for peak drift and colurmm degradation (as
evidenced by peak tailing) on the first column.

I resolation 15 insafficient on the Zorbax® Ry™ columil, éluéni 5 may be altered by
changing its pH and/or methanol concentration. A change in pH should selechively move the DPX-
E9636 peak relanve to sample matrix components; the methanol concentraion may then need 10 be

adjusted to achieve targeted retention nmes.
L__Method of Calculation
1. Calibration E CE

The calibranion factor (CF) is the rano of detector response {peak height or herghy) 1o
the DPX-E9636 concentration. Measure the peak height or peak area for each standard (narmahize
for a given recorder artenuation if required), and divide this value by the DPX-E9636 concentration
(in umts of pg/mL). A standard should be run after every 3 to 4 samples. Use the average CF

from the standard runs preceding and following a group of samples to determune DPX-E3636

concentranons tn those samples
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CF = (peak height or arca) / (DPX-E9636 concentration [;:g/mlL) in standard)
2 C :on of Analvie in the Sampl
ppm DPX-E9636 in sample = [M x (100+B)]/ {SW x CF]

M = Height or area of the DPX-E9636 peak. Height or area 1s in the same unuts as
that used for CF calculation above.

B = Volume of water contributed by the sample (mL.).
B = % water by weight x SW x 1 mL/g water

SW = Sample weight in grams (10 g)
CF = Calculation Factor descnbed above

1I1. RESULTS/DISCUSSION

A._Accuracy

Recoveries from duplicate control samples at four fortification levels ranging from

-0.500 ppm to 0.050 ppm and tested over two days were conducted to assess the accuracy of the

analytical method. DPX-E9636 recovenes from eight fortified control forage samples averaged
86%. Recovenes averaged 90% for eight control com grain samples (See Table 6, page 64).
Extraction efficiency of DPX-E9636 from field treated samples was esumated by the analysis of
corn plants treated with radiolabeled DPX-E9636. The extraction efficiency 1s estimated 1o be
between 89% and 93% (Reference 3; see Table 2, page 27).

The accuracy of this method 1s enhanced by eliminanon of many manual sample
preparation steps such as hquid/liquid extracnons, evaporanons and cartridge chromatography Al

can result 1n loss of recovernies and are potential sources of contanunanon from glassware.

A major source of error in this method 1s decomposinon of DPX-E9636 1n the sample
or standard after addition of acid 1n preparation for HPLC injection. Decomposition can be

minirmized by keeping the acidified samples and standards on ice or in a refngerated autosampler, if
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available, and by minimizing the time between sample clean-up and analysis (See Table 3, page 29

for stability vs. temperature data )

Recovery may also be compromised if the column-switching time window is too
narrow relatve to the baseline width of the DPX-E9636 peak. Time windows may be increased
slightly to accommodate this, but this increases the potential for interferences. The phenyl column
should be evaluated daily or after every 8-12 samples by chromatography of a standard solution (as
in derermination of t-E4; see Operating Condinons, Section B) to ensure adequate peak shape and
size. A 0.05 pg/mL DPX-E9636 standard should produce a peak no wider than 4.0 minutes at its

baseline to ensure complete transfer to the Zorbax® R;™ column.

Slight error can be atnbuted to vanable water content of the samples. Calculations
contain a provision for sample water content, but this 1s only estmated for the sample type (forage

or grain). The effect of this estimation 1s slight however; placing the water content of a com forage

~= —-samiple at 60% when it 1§ actually SU% would pénerdie an dnalysis Which is'only 1% too high.
Precisi

The standard deviation (sample standard deviation, an-1) of recovenes were 2% and
4% for eight analysis of each sample mamx (see Table 6, page 64). DPX-E9636 concentrations
ranged from 0.500 to 0.050 ppm The range of recovery for the above samples was 80% 10 92%
for the forage samples and 87% to 93% for the grain samples. Decomposition of the analyte 1s
most likely the main conmbutor to the vanability of the results, although vanability is within
acceptable levels. Since many manual operations have been eliminated, the rest of the method 1s

inherently very precise.
C. Limi f [ . 1 Q .

The limut of quanttaton 1s determined by the signal to noise rano of the detector and the

magnitude of coeluting peaks When using a sensinve detector such as the Kratos 783G, the hmut
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of quantitation is 0.05 ppm or lower. The peak height for 2 sample containing 0.050 ppm is about
0.2 milliAbsorbance Units (mAU). The noise of a good detector should be 0.01 mAU or less.
This gives a signal to noise ratio greater than 10 which is adequate for quantianon.
Chromatograms of 0.050 ppm DPX-E9636 fortified samples can be seen in Figures 12 and 13 *
(pages 74 and 73).

D.__Ruggedness Testing

"This method uses reverse-phase liquid chromatography with UV detection; beth are
weli understood and known to be stable and reliable. The column-switching time window is large
(6 minutes) relative to the baseline peak width of the analyte (less than 4 minutes). This allows for
dead volume in the tubing of the chromatograph, as well as variability 1n DPX-E9636 retention
time and non-ideal analyte peak shape on the first column (band broadening or peak taling).

DPX-E9636 is unstable 1n acidic solunons at room {empcrature. Figure 2 (page 30)
shows the rate of decomposition for DPX-E9636 in Sample Extaction Solution which has been
adjusted to lower pHs by the addition of phosphonc acid. The solutions are relanvely stable at pH
8.0 and 6.5. AtpH 2.5 and 3.5, well below the pKa of DPX-E9636, the solutions decompose
quickly and at similar rates. The decomposinon is very temperature dependent. We have
determuned the rate of decomposiuon of DPX-E9636 at 0° C, 15° C, and 350 C. From thus data
we have predicted the rate of decomposition at other temperatures. See Table 3 and Figure 3
(pages 29 and 31) for more informauon on the relanonship between DPX-E9636 decomposition
rate and temperature. When the Automated System 1s employed for unattended analysis, samples

must be ket chilled by an ice bath or some other means.

-
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IV. CONCLUSION

This analytical method is smtable for the quantitation of DPX-E9626 in com forage and
grain at levels down to 0.05 ppm. The equipment and technique used in this method are generally

applicable to many if not most commercial sulfonylurea herbicides.

This method has been designed to be run on commercial HPLC equipment with
modificatons. It demands a greater inswrument and set-up time investment than the less automated
Split Method of analysis, and hence is most appropriate where a large number of samples require

analysis. Automaton allows unattended analysis of over a dozen samples or standards overnight.
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V. TABLES/FIGURES

A. Method Validation

Table 6 - Recovery Data for Method Validadon
Figure 9 - Calibranon Curve for Validanon

B. Instument Configuration and Operation

Table7 - Summary of Chromatographic Condiuons
Figure 10 - Schematc of Chromatograph

O

Figure 11 - Schematic of Pneumanc Valve-Switching Stations
Detzctor Programming .
Table 8-  Detector Program #3
Table9-  Detector Program #2
Table 10- Detector Program #6
Table 11 - Gradient Programs #2,4,6
C. Representative Chromatograms

Figure 12 - Chromatograms of Comn Forage
Figure 13 - Chromatograms of Comn Grain
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Sample Matrix

forage
forage
forage
forage
forage
forage
forage
forage

gramn
gramn
gram
pram
grain
grain
gran
grain

TABLE 6
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R Data_for Method Validati

DPX-E9636 DPX-E9636
Fortification Recovered Percent
Level (ppm) —f(ppm) Recovery
0.500 0.430 86 %
0.500 0.450 90 %
0.250 0.222 89 %
0.250 0.215 86 %
0.100 0.083 83 %
0.100 0.083 83 %
0.050 0046 92 %
0.050 0.040 80 %
0.500 0 466 93 %
0.500 0.452 90 %
0.250 0.227 91 %
——250—— 02277 7791 %
0.100 0.089 89 %
0.100 0.089 89 %
0050 0044 B7 %
0.050 0.043 87 %

Average
Percent

Std. Dev.

Recovery (%)

86 %

90 %

Control matenals were fortified in duplicate at four DPX-E9636 levels.

Reference 2

4 %

2%
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FIGURE 9

% Calibration Curve fromValidation of Automated Method
of Analysis for DPX-E9636

PEAK AREA
2
1

0 0.0z 1.7
DPX—-E9636 CONCENTRATION (ug/mL)

Reference 2
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TABLE 7
S f Cl : hic_Conditi
Column: 1 Du Pont Zorbax® Phenyl 4.0 mm x 80 mm 5 micron
Reliance® Cartridge
2 Du Pont Zorbax® R;™ 4.6 mm x 250 mm 5 rcron
analytical
Column Temperature: 350C
Eluent Flow Rate: 1 3 mL/min.
Eluent: * 1,3 44% methanol, pH 3 5
4 11% methanol, pH 7 5
5 22% methanol, pH 6.5
- 90% methanol/10% water
Sample Volume: 20mL
Detector: Wavelength 254 nm
Sensitivity 002 AUFS

The HP 1090M HPLC inuniates the detector programs through event 4, a fused 100 V DC rated
contact closure.

The HP Chemstanon collects detector output through an analog-chgial converter.

* Eluent number corresponds to the position of the eluent selector valve (valve 1). Eluents land3
are the same, but supplied at positions 1 and 3 of valve 1.
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FIGURE 10
Schematic of Chromatograph
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FIGURE 11
Schematic of Pneymatic Valve-Switching Statijons
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KEY TO DETECTOR PROGRAMMING

The valves shown in Figure 10 are controlled by Kratos spectroflow detector

programs. These programs control four internal relays, three of which switch a 12-volt power

supply to activate solenoid air valves which, in turn, acavaie chromatographic valves 1, 3 and 4

Relay 1 cor.trols backflushing of column 1; relay 2, addinon or removal of column 2; relay 3,

eluent selection, and relay 4, sample selection from valve 2 {electrically actuated). (Refer to

Figure 10, page 67 for instrument configuration.) "Pneumaric valve-switching stanons” may be

inserted to allow optional manual cverride of the detector. The scheruatic for these stanons is

attached as Figure 11.

Time:

" Relay {i-4):

Status-

The time (in munutes) after the run begins at which each event occurs.

Each relay may be in one of two posinions, 1 = on and O = off. Relays | through 4
acmate the following:

Relay 1 - Vaive 3; 1 = valve counterclockwise for column 1 backflustung by pump .
Relay 2 - Valve 4; 1 = valve counterclockwase to put column 2 1n Line with pump 1.
Relay 3 - Valve 1; 1 = valve steps to next eluent position, 0 = valve resets Valve 1
is rotated clockwise by a ratchet mechanism. Thus, the actuator must be reset
before the valve posinon can advance.

Relay 4 - Valve 2; 1 = valve steps to next position o select next sample

Abbreviations for status of instrument at each swp. The column order corresponds
to the order of relays in the preceding column.

C1 = Colurnn 1 in line wath pump 1.
C2 = Column 212 line with pumnp 1.

1-6 = Eluent selection valve (valve 1) position
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Full chromatographic program, including eluent- and column-switching

STEP IME
1 0.01
2 1.33
3 1.43
4 5.33
5 6.37
6 10.00
7 t-E4
8 2300
9 T-B
10 T-=
11 52.90
12 5300
13 55.00
14 55.05
15 56.00
16 58.00

Total run time 1s 63 min., including reequilibranon ame.

RELAY
1234

0000

10160

1000
0000
1010

0000
0010
0000
0100
1110

1101

1110
1100
1110

1100
0000

_STATUS

c1 .

Cl .
C1 .

Cr— 4 .

3
4

Ci1C24

C1

c2

c2

5

-70-

EVENT

Star, Valve 1 position = 1

Column 1 off
Valve 1 posinon = 2, flush line

Reset valve 1
Start sample loading onto column

Column 1 off
Valve 1 position = 3, flush line

Column 1 on & reset valve 1
Valve 1 posidon = 4
Resetvalve T

Add colurnn 2

Valve 1 posiion = 5
Remove column 1, begin backflush

Reset valve 1
Move to next sample positon

Valve 1 posinon =6
Reset valve 1

Valve 1 posinen = 1
Equihibrate column 2

Resetvalve 1
Reset condations:

Remove column 2, add column |
Equilibrate column 1
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TABLE 9
Detector Program #2

Chromatographic program for t-E4 determination: one column, one cluent

RELAY
STEP IIME 1234 _STATUS | EVENT
1 0.01 0000 cl1. 1 . Start, Valve 1 position =1
2 1.33 1010 - . 2. Column 1 off
Valve 1 posinon = 2, flush line
3 143 10a0¢0 .. 2. Reset valve 1
4 533 0000 c1. 2. Start sample loading onto column
5 6.87 1010 . . 3 Column 1 off
Valve 1 positon = 3, flush line
6 10.00 000 ct. 3 . Column 1 on & reset valve |
7 44 00 1010 4 Column 1 off
Valve 1 positon = 4
8 44.10 10060 4 Reset valve 1
9 44.20 1010 5 Valve 1 position = 3
10 4430 1000 5 Reset valve 1
11 44.40 1010 6 Valve 1 posinon =6
12 44.50 1000 6 Reset valve 1
13 44.60 1010 .. 1 Valve 1 posinon =1
14 48.00 0000 c1. 1 . Reset conditions:

Reset valve 1, add column 1
Equilibrate column 1

Note: Program may be aborted after step 6 and valve 1 may be manually reset to posidon 1 after
the DPX-E9636 peak has eluted
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STEP IME
1 0.01
2 1.33
3 1.43
4 533
5 6.87
6 10.00
7 +-E4
8 44 80
9 45.00

10 4510

11 45.20

12 4530

13 45.40

14 45.50

Note: Program

TABLE 10
Detector_Program #6
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Chromarographic program for column-switching time determination: one column, two eluents

REIAY

1234

0000
1010

1000
0000
1010

0000
0‘010
1000
1010
1000
1010
1000
1010
0000

the DPX-E9636 peak has eluted.

—STATUS .

C1

C1
C1

Cl

Cl1
Ci
Cl
Cl

thh W B bk W
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EVENT

Start, Valve 1 positicn = 1

Column 1 off
Valve 1 position = 2, flush lime

Reset valve 1
Start sample loading onto colomn

Column 1 off
Valve 1 posioon = 3, flush line

Column 1 on & reset valve 1
Valve 1 posiuon = 4
Column 1 off

Valve 1 positton =5

Reset valve 1

Valve 1 posinon = 6
Resetvalve 1

Valve 1 position =1

Reset condinons:

Reset valve 1, add column 1
Equilibrate column 1

may be aborted after step 6 and valve 1 may be manually reset to position 1 zfter
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TABLE 11
Gradient Programs #2 & #6
START PUMP
SEGMENT TIME LENGTH FLOW
—_— Amin) ~Amin) (rmlAmn}
0 0 42 0
1 42 1 0
2 43 5 2
3 48 1 2
4 49 4 0
5 53 1
—GrutientPropram—#4-
START PUMP
SEGMENT TIME LENGTH FLOW
—_— Lmin) —(mn) (ni fmin)
0 0 28 0
1 28 1 0
2 29 54 1
3 63 1 1
4 64 15 0
5 99
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FIGURE 12

Chromatograms of Corn Forage

myv

177 —_ iy

&) DPX-E$5616

3s 40 4s s@ 55
Time (min.?

A) 5.0 ng/ml DPX-E9636 standard
B) 0.050 ppm DPX-E9636 fortified cantrol corm forage
€) control corn forage
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FIGURE 13
Chromatograms of Corn Grain
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A) 5.0 ng/ml DPX-E9636 standard

B) 0 050 ppm DPX-E9636 fortaified control corn grain
€) control corn grain
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Vi. APPENDIX 3

CORRELATION OF SPLIT AND AUTOMATED ANALYTICAL METHODS
FOR THE QUANTITATION OF DPX-E9636 IN CORN
(FORAGE AND GRAIN)
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CORRELATION BETWEEN METHODS

A fully automated approach to DPX-E9636 analysis in com was developed to increase
sample throughout and decrease operator time. Effluent from the Zorbax® Prenyl column is
directly transferred to the second, Zorbax® R,™ , column instead of manual collection and
reinjection onto a second chromatograph. This requires the addition of an intermediate
chromatographic eluent which will allow the DPX-E9636 to reconcentrate on the second column
(versus dilution with water and acidification performed in the Split Method of analysis). Ata fixed
time before DPX-E9636 elution from the phenyl column, eluent 4 (11% methanol at pH 7.5)
replaces eluent 3 (44% methanol at pH 3.5). This not only allows concentration on the second
column (due to the higher K' of DPX-ES636 on the Zorbax® Rx™ column), but also changes the
coclutives which will be transferred to the second column. Unlike the Sphit Sysiem, DPX-E9636
elutes 1n a relatively high pH, low methanol eluent which has retarded chromatography of the less
polar sample components which wauld have eluted with the analyte 1n the Split System. Although
thc same principle is used, chromatography on the analyncal Zorbax® R,™ column is different in

the two approaches

The instrumentation requirements of the Automated System are more demanding. The
system requires a greater number of components and more complicated plumbing. It must also be
able to withstand the high back pressures (>5000 psi) which occur when the two columns are 1n
series duning eluent transfer. The mimmum requirements of the Sphit System are one pump, two
low-pressure 2-way valves, two high-pressure 6-port valves, a column oven and detector. The
Automated Method requires two pumps, one low-pressure 6-port valve, one 12-port valve, two

high-pressure 6-port valves and programmung capability 1n addition to the column oven and

detector.

The automated method also requires sigmficanty greater set-up time. Many of the

nmed events are dependent on the exact configuranon (tubing volumes, pump-head volumes) of
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the instrument, and must be optimized for the particular configuration. Substitution of valve 2
(sample selection valve) with an autosampler will also greatly affect the chromatography.
However, in the case where many samples need analysis, the time 15 well invested. Sample
throughput is.2 to 3 times greater with the Automated Method, and requires only about a quarter of
the operator time. The automated method has the added advantage of decreasing the opportunity

for operator error and sample contaminaton.

Although validation of the two systems shows both are effective for analysis of comn
samples and capable of DPX-E9636 quanatation to 0.05 ppm (References 1 and 2), a direct
comparison of the two systerns was performed. Field-treated com samples, collected for use in
AMR-1041-88 (Magnitude of Residues of DPX-E9636 Herbicide When Appliec o Comn and
Sampled at Various Stages) and AMR- 1058-88 (Magnitude of Residues of DPX-E9636 Herbicide
When Applied to Comn), were extracted and the extracts analyzed for DPX-E9636 on both the Split

and Automated Systems (Reference 11). The results are listed in Table 12 (page 79).
Chromatograms were characterisuc of the representative chromatogmrr;s sho‘m; in A;)p;:;dii 1 and
2. The differences in amount of DPX-E9636 detected are not sigmficant. They range from 0% 10
6% of the amount DPX-E9636 calculated, within the expected deviation for each of the two

methods.

The Automated and Spiit Methods provide comparable results for the analysis of DPX-
E9636 in corn. The Spht Method 1s recommended for those apphcations where only a few
samples require analysis. The system set-up time is much less, and sample throughput sufficient
for a limited number of samples. In the case where many samples requare analysis, the Automated
approach is suggested. Although it requires more time to set-up, ultimate sample throughput and

operator time savings will justfy the investment.
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TABLE 12
" DPX-E9636 Residues in Corn Forage and Grain Samples
D ted by Soli , A ! Methods of Analvsi

Sample L. D. Treatment PHI Spht Automated Dnfference Percent
- Raie (days) Method Method (ppm) Dafference
A{ppm) .. (ppm)

Forage:
S00036444 0.5 1 1.21 1.14 +0.068 5%
500036445 1.0 1 1.75 1.64 +0.11 6%
500036450 0.5 7 0.081 0083 -0.002 2%
0.100 ppm fortification 0 089 0.085 +0 004 A%
0.050 ppm forufication 0.042 0044 -0.002 A%

Grain:
S00028081- N -both-undetecied
500028083 1.0 86 - - both undetected
0 250 ppm fortification 0.23 0.23 0.00 0%
0 100 ppm fortification 0092 0.092 0.000 0%
0 050 ppm forufication 0043 0.044 -0 001 2%

*Forage samples were collected for AMR-1041-88, (Reference 12), from the Rochelle, IL field test
locauon. Grain samples were collected for AMR-1058-88, (Reference 13), from the Madera, CA
field test locadon.

Reference 11
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